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Suwmary ~Viedinm chain triglycerides (MOTS) are a family of trighycerides, containing predominantly,
caprytic {Cy) and caprie (Cy) fatty acids with lesser amouaty of capeoic (C,) and lauric (Cyo) fatty acids.
MOCTs are widely used for parenteral sutrition in individuals requiving sapplemental autrition and are
being more widely used In foods, drugs und cosmutics. MCTs are essentially son-toxic iy acute toxicity
tests conducted in several species of animals. T ovdlur and deemal fecliation testing MCTy exhibit virtually
ne potentind as oouder or dermual irritants, even with prolonged eye or sKin exposure, MCTs exhibit ne ca-
pacity for indaction of hypersensitivity, Ninety-day toxicity tests did not result in notable toxicity, whether
the product was administered in the diet up o 9375 mg/kg body weight/day or by intramuscular (im) injec-
ton {up to 0.5 miJkg/day. rabbits), There was uo evidence thut intravenony () or dielary adwinisteation
of MCTs adwresely alfected the eepeoductive performante of rats or rexulted in mauternsd 10xicity, foeta)
toxieity or teratogenic effects at doses up to 4.28 g/ky body weight/duy (v} or 12,300 mg/Ry body weight/
day (dietary). There was no evidence that dietary administeation of VICTs adversely affected the regroduc-
tive performuncy of pigs or resuited in maternal toxicity, foetal foxivity or terntogenic effects at doses up
to 4000 myfky body weighi/duy in the dict. Tn rabbits, follewiog iv adminisiration, the matersal and footal
no-abseryed-adeerse-eflect fevels (NOAFLs) were between 1.8 and 428 g/ky body woight/ day. A Z-vear
study in ms, condncted with a closely related componnd {oicaprylin, a wiglyeeride with Cy facty acids),
provided no ovidence of u carcinogenic offect when (he matedal was sdministered by oral gavage ot levels
up to Hrmbjky (9.54 g/hg) per day. Although trieaprstin was Tound (o be positive in one of five strains of
Salmonella typiimuritn in the presence of metabolic activation in an Ames mutagenicity assay, the resolts
uf the carcinogenicity test with irfcaprylin snd mulagesicily rests with caprylic acid indicate that MCTs
do mot have the polential to be carcisngeaik or mutagenie, The safety of human dietary consamption of
MUTs, up 1o levels of 1 ufky, has bern conflrmed in severs] clivical trinls. o 2000 Elsevier Science Lid.
Al vights veverved

Keywords: trigaerides; MOT! roxcology.

Abbrevintions: LAK - hymphokine-acusated Killer, LOT  long-shusa toglveesides, MOFA « medium-
Chan fatty aoids, MOT - medium<chan toglyeenides; N @ nutural killer: NOAEL - no-observeds
adverse-olfeer bnelss P - primany frritation twdeg TP wrad paremteral nutriton

Introduction trighouride MOTs were first ntroduced nto the
. . .. chndcwl arena approxumately 30 veurs ago.
Medinmecha eiglycerides {MOTS) are o fanuly of R vm S iy =
o - origingl use was us a substdute Tor long-chain -

trigheendes, vompesed mainly of vapeylw (O, 50
and vapric futs ackds {0y 20 S0%50p with 1
ennel contrihubion of caprove (G 1 2% wnd taw

R A

pc 10 U 2Pay Tty werds (Bach and Babavan,
1982y MO Es are produced consentionudly by spht-
iy and dis mimﬂ the funy acds from coconut or

palm kernel oifs The taty wods are then nuxed o
wodesired rano and estenficd with glyeerm (o form o
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gheorides (O 10 the trantment of disorders of
lipd absorpien Siove thut ume. MOTS have been
utifized iy an meressing number of food and nutre
fon anphicaiion beenuse they Juve been tound o
Gt of wdvantazes aoer LO s MU TS
are abso aad prmuridy oy cnelstions, o vanouos
human and vereunary pharmoceutical prepuarations
and i cosmeties; howaver, they are boing utthzed m
an increasing number of food applications us well
o June 1994, 2 GRAS affirmation petition for use
of MUTs m fond products was sceepted by the LS
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Food and Drug Adminmstration. Captrin is the pro-
posed nare for the randomized triglycerides of pre
manly Ty and Cy, tatty aeids that are the subsect of
that preution.

There 15 a large aumber of ammal and buman
studiey thut examine various metabolic and general
health aspects of MCT consamption.  Although
most of those studies do not directly examine the
toxicological safety of MCTs and are not reviewed
here, they do document the widespread safe histori-
cal consumption of MCTs.

[t is the purpose of this review to consolidate and
summaree safety data from o saviety of studies
with MOTs w0 wnunuls aod m humans, We
acknowledge that reviews have been presenied ear-
Ber (Bach and Babayan. 1982, CTEFAL 1980), how-
weer thery are some entucal studies conducted sinee
those teviews were prepared, Emphasts is placed on
newer data, when that becume available, The toxi-
cologeadd profiie lor MCTs was derived Trom studies
which withired purificd capre or capryvlic fatty wcids
i wkhinen o stisbes nevolving various muxed oster
MOTS

Chemical and physical propertics

Neobee™ M-3, Captex™ 300 and Miglvol® 312,
reprosentative MO Ty, are deseribed as clear, pale
vellow o water white, odourless, oily hquids with
charucterntics Hsted in Table 1

Methads for testing MUTs wvolve determining
the principal components (Jatty acid content by
s ligued chromatographic analysis) and secondary
components (waler by Karl Fischor) and chemical
aid physical characteristics  (unsapooifiable falty
acids. aoid number, saponification  value, wding
apumber, wdine colour aumber, hvdroxy!l value and
peroxide numbee all By stndard  colorimetric

T

K A Treul et of

methodsy  (Paghocea,  1998b). Three sumples of
Miglvol 812 contined o detecinbie levels (detce-

uon lmits 3 ppld of aflatoxin B, (Frisch, {977,

Absorption, dixtribation und metabolism

Absorption und disteibution

MCTs ave partally hydrolysed by lingual lipase
in the stomach and then rapadly and efficiently by
pancreatic lipuse  within  the  milestinad  Jumen,
thereby allowing for tne direct absorption of med-
tgrnechiin fatty vouds (MCORAG v the portad sen
to the hiver rather than throuyh the thoruae du
fymph system which o the conventtondd roule for
the absorptive of inghcendes  contwmmg  long-
chalg fatty acids A inor Traction of MCFAS by-
pass the liver and are dstmdbuted 1o peripheral s

spes i the geooral cnoulation {(Babuyan, 1988,
Bach  and  Babavan,  198% Greenberper and

Skillmin, 1969 The MOFAs are cdubolized pre
dommantly 1 the ser w ) fragments. The
fragments e further vonvarted 1o U0 o used 10
synthesize longerchain Rty acids. Very ke of the
MO, I any, B stored 1 adipone Ussues 1CTTAL
1980 Greenberger and Skillmon, 9091 There are
no published data available concerming absorptiou
and metabolism of MCT ollowiag topicul appl-
cation. It has been reported. however, that i MUTS
are subjected te high-pressure submicronization,
they can provide an effective vehicle for drugs 1o be
absorbed theough the skin (Schwartz ¢ gl 1995)
Any portion of an applicd dose that would he
absorbicd would probably be metabolized by the
fiver, The walable informauon or e absorptwon
and welabulism of MOTs suggests that MUTs
ipected o musele vould be absorbed inte the
blood stream and traesporied 1o the Iner tor
metabolnm and brakdowa,
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Toxicotogic properties of MCTs 81

in contrast, LCTs are converted to long-chain
tatty avids (LOEFAs)Y (e Ui -Chy, which are the
provury {ntty acids i dairy 12t meat fat and vey-
shable o faty and monoacylglyeero!l in the lomstinal
fuwmen Thuse are, in turg, incorporated mto chylo-
macrons and absorbed vin the lymphatic systerm,
Chslomuerons eventually reach the general circula-
and are distributsd 0 extraliepuatic ussues
@ hcrc they are metabolised 1o LOFAs by the action

Elipoprotan lipaese: the resulting tree” LOFAs
seach the “mr vir the systemie circulation. 1n the
sreseiive of panceeatic lipase or bile salt deficiency,
MOTs cun stdl be abrorbed whereas LOTs cannot
(Bach and Bubayau, 19823 They also have a carne-
anedodependest eatry inwo mitochondria and
mdergo rapid feoxdation w furmsh energy for the
cell (Babavan., 1987 Gréenberger and Skillman,
tondy. Consequently, the MCOTs are being used
extensively in human nutrition as a source of coergy
for individuads wath malubsorption syndromes, for
weomomfunt formulay and for wotal parenteral
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The aatochondrial metabolism of
CAs »uch as capryiic and caprie scud altimately
sults s un exeess of acelyb-CoA which in tura
walis v the production of acetate, €0, and ketone
odios, with @ minor portion serving to lengthen en-
ouenous Lty wads (Bach and Bubuayan, 1987
Huwaver, seme myostigatons have suggested  that
MO when fd m oexcess of calone needs,
aght fead 1o inersased de nove fatty acid synthesis
and enhanced fatty acid clongation activity in the
uver {Hdl er @/, 19903, The majonty of the MCFAs
are catubolized within the hiver with only a minor
portton reaching the general circulation bound to
+thumin.

It has been establishoed
MOTs can dead 10 ketone production, bul of s gon-
eratly aeeepted that there s no risk of ketoacidosis
ar ketonderma vath MOUTs at levels associated with
comsumption fevels, Pauents with loer cie-
theets afo not utihze MOTs or their resulung fatty
senf components as eificiently as headthy individ-
wals, reswlung m bigher levels of circulating caprylic
Although very  high
caprviie aend can wuse centrad nervous system 10X
saln feanids, these condentrattons are not achioyed
con asmtsuziing MO TG oven ar levels igher than
tound 1 food products (o g

buked  goods)  iBach and
Buch e «f, 1977 Freund and

heput
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MO T-based  dicts have been shown 1o cuuse
runor alterations in serum lipid profiles. and have
occasionally yielded slower rates of weight gain
selating o LCT-hased dwts, Experimental studics s
both amimals and man have shown that MCT-
based diets do not cuuse significant toxicty. even

that cossumption of

cireulating  levels of

when the diets have consisted of upwards of 3%
MCTs. Studies in adults have indicated that MCT-
based diets wield lower cholesterol levels relutive to
LOT -based diets: in addition, MC F-based dwets pro-
doced smuller increases m plasma Uiglyoendes  In
low barth weght infants, MCTS have buen shown
improve fat absorption in the abscace of a signifi-
cant change n body weght. The results of some of
these nutritional studies can be auributed to the
fact that (11 MCTs are colorically less dense than
LOT {20 the energy retention of MUT-based dicts
has been shown 1o be less than that of LCT-basal
diets nnd {3) the therme response to foed (TR »
greuter alter an MCT-based meal. None of the fore-
going effects is considered clinically sdverse Annoal
and clinweal studies have also shown thay MUTs do
wot have o significant effect on the absorpuon of
vitwrnins AL 1D or B

The powential effects of dietary MCTs on the
absomption of miaerals {rom the inwstioe bave begn
examined in severnd studics.

A randomizzd ostudy with  lowebirtheweight
mianis  devestigated  the offect of MOCT on 25
hvdroxy vitamin I serum levels as well as the
absorption and  rotention of calddum and  phos-
phorus. T this study, 20 infants received o gh cal
cium- and  vitamin  Dcontuimng tormula that
contamed 30% of Hs @it as either MUT or LCT
Al infants began oral foedings before 7 davs of age
by intenmiltent guaayge, and feedings were advanoed
woa goul of 150 mbkgday., Blood samples wore
obtamed within the inital 24 hr of the fecdings.
within 34 hr of reaching a feeding fevel of 140 ml:
kgeduy. und wt twe additons! tme points alter
reaching the target consumption of 150 mbkg day.
Serum data for 23-hydroxy vitwmin D showed ne
significant differences betweon the two groups at
anv of the sumphng penasds. Approximetely § wh
after attaming full feeding volumes. o 96-br motae
hofic belagce study was initdated  Calowum und
phosphorus fevels were detertmned 1 stoels, urnine
and blood and these data were wed o compare
mntake, ahsorptivn and retention for the MCT and
LOT groups There were no sgmifivant differences
in the pereent absorplion of retention of calowm or
phosphorus between the two groups (Haston of al,
(983

The offect of MOT- amd LC-containmg tor-
mdas o1 caicium, phosphorus and magnesium bal-
ances and plustea levels of 12584k hvdrosy witamn
2w apvestgated with 29 verydow-birth weight
infants. Iohmts were rndomized efore the mtros
duction of eral feeding to revarve oirhier 4 pre-term
formuls tn which 0%, of the tat consisted of LOTs
(MCT group, n = 13} or 2 formula with o sinular
total fat content but contained only 6% MUTs
(LCT group: n = 13). Feedings wuere gradually
mtroduced on day 7 by continuous  nusogastng
favage until an intake of 150 mikg duy was reached
at daws 1619 Twe 72-hir bulunce studies were car
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red out within ;1§‘*pro‘€xtn:xrcix 2wk of asheving the
Lrpet intake Jevel
bBlowd, stools und urine fevels for Ca, P, Mg oud
P28 dihvdroxy vitumin D, The absorpion and
retentton of Ca and Mg were approximately {0
20%s gher wn the MOT group.
phosphorus was approvimately 153%4 lower in the
LOT group. pessbly  due 0 2 compensuting
werensed uninary excrenton of phosphate cagsed by
the Jower Ca absorption, There was no significant
ditfersove o the plasmu fovels of L5dihydeosy
sitamtin 1 between the two groups (Sulkers ef wf.
P4y

Kevmoglow of of 11973 concladed thay MOT
hascdd diets do not alter Caabrorplion. This stwdy
arvolved 10 adult patients wim sore admuunsterad
fo wl AU e water after an overnight fast
Tota body retenton of ¥Ca way dowermined Lo
ot ady wousds af 3wl 7 days post-rsaiinent,
setore and ofter v deah treatmens with g fow o
R3S w;’ﬁg\icmc”c(,i wirdt 60 md das ol wn oy pop
arction of MUT {eapryhe 23200 capriv 39 4% andd
fuuric 17.4% The mean Tduy retenuion of ‘*‘L a
was not ditferent before and after the MOT et
ment.

The fushings of 2 study carmed oul iy
Lantibhedhyangkal and Hashim (1978) contemsted
sl the findings of Huston e of (1983 Their
study dnvobed 3 Jow - hitth-wsight infant who

ere divded fmwo three groups that recvived fore
mui:as simaibay o vutrient valve but differsd with
fespect too the fat sources Croup one {gontrol)
roceinad Corn ofl okeo and coconal od (3041 20x
araup Do (0% MOTY received MOT, corn ot and
coctnut olf (H0-HE20 and group three (8025 MUY
revarverd MO and corn ol (80:20) Formula food.
S begin wathuu tae 8rst week of Hie and was con-
anuad throughowt the hosprtal stay, which ranged
Jom 2% e 6l day s Steol and arine szlmp Us A0
ciublected duriog the secomd waek of v and during
the el week of hospradization. and ware anabad
et walaium wid magnestum devels The mean cale
e absorotion, expressed as A percent ol dictan
Sakut, was sigeilicantly mercused (appros. 50
U a0 both of thie MOT groups relative 1o von-
tronmtgnesian absorption was  significiatly
icrensed fapprox. $0%; i the 80% MOT group
iclapve o comrel  Thore wat no signficant difter-
urtiary calonem gxeretion, eapressed  por
wrnary creslimine, among the theee groups

eI eRerelion was  compurable
cersecn the conred and MOT groups

{lad voady bane mdicmiod gt norma® ditan
veta o MOTS have ne adverse otfect on the
abmorpiion and retention of calclum, magnesium o
phusphions. o severs] studics, enhanced absorplion
wd vetenton of these minerals cocurred. but tis 1

(4 3 INCG B
T
Prusars

mat coenestdessd 1o be chnically adserse. Most of
thuse  Standios have been gonducwed  on dniunds

whoran MO supplied only

which involved ao unalvsis of

The retenson of

o poraen U0 of

Trawl vr wf

the fat content of the diet, However, considenng
shat dnfants have the largest vonsumpuon of fat an
2 body waght bisds, the dictary fevels of MOT in
ather population groups would also not he expected
W h‘m: adverse effects on vitwmin and  maneral
fevels. Theretore, the reporied incesuse 10 absorp
%mn of calurum, magnesium and phosphorus follow.
ing MOCT consumption remains foeonchsne, bat 1
aul considered to be an adserse effect,

Toxicology evaluation of medinm-vhain wriglycerides

MO Es have been evatuated w scute and subchro-
s ooty Tesds using orad, dermall imtrapenicnetd,
wha'ution o adintis
rration. These muenials are used cdlensnvely 1m pro
ducts that wre wdmisierad to hanmans by the oral,
topical and intrasenous route, This docunent sum-
wrtges the wsatlable miormadon pertwning 1o the
mutunahan toxicty ol MO Ty dorsed prmanly
Trean stradios nowhich Seobew MO3 o Magho, 812
wore the el materib, Addionally  studies are
adudand o whch proaducty identdicd only s made
tum chamn wighyoendes (MOTN o capryln capi
trighieerdes, wiich shars the generd apeciications
tor Neobee M-S and Mugleol 8120 were the tost mae
rerials

sultmnuseniar  oues o

Oral toxivity

The acute oral tocity of MCOTs {caprliv capric
triglycoride) has been ovaluated moeight single dose
stadies s the mouse and the 1 by thuse studies
doses betwern 15 mi kg and 36 md kg did not proe
duce mwertabts, The Ll was not established, but
s greater thun 25 md he (mice) wr 36 ml ke (ral}

fnoa mowse study, Tvlers Orgnnal sorn mice

were trentsd with 5.0, 1000 200 and 250 ml kg
Maghve! 312 in o range-fmding study with no
death, [o the delimne study conducted  with

2w ke lothugey aed oataxas ovouread wathin
Wnnn after admunsirasion of 2% p kg, and dyse
vt was neted owoseme anmads within 1 h b
aot theradier Al uninad appearsd asympiomat
ai the ead of the dea day do onovropsy obsers
ations sere reported (Ponle, 1977

Another mouse study tosted Migivol 310 (shghdy
bigher portion of €' fauy acids thae Miglyot 817

at 1230 200 and 250 ml kg Tranwent atania
ethares, dysppoen and diwrosis occurred withig
P ng the wids and luabiedose groups, and come

witn Obnwrved within 2. fole
ammals i
R IS
faooanunabs thut reearvad 20 mil ke and one o
that recnived 2ol MOT ko Al symiptones disap
praared an the survnvors by the end of dav 3 No
eropsy obsrviiions o reported (Poote. 1977,
Meligivol 812 aoas asutualed i fastad Wistar maie
rats, whare o simgde dose from 49 1o 3o md kg po-
ducad wo toaw offee dunne the 10day obwriaton
pornnd o al poeropsy. The onby ohservation

plate Jss of aotivily

e ed by
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Toxieologic properues of MU Ty 83

due the ammals recorving 18 wand 36 ml kg con-
sumed less feed and excreted sofier fucces for the

trst 2 dass (Khmmer, 19714

in cach of tour single dose ucute studies, five
mude amd fve fomale Wistar rats were given S kg
Miglvol 812 and observed fur 14 days. No deaths,
alverse observations o abnormal gross pathology
fardings wt neeropsy were aoted (Anonymons, 1977
tewes and Palanser, 177 Palanker, 19780

tease seudies of component fasty avids

Acute toniveiogicat studies hasve wlso been curried
ot orodents with the constituent medinmechain
rats acids,

A study davolving groups of 10 young adult
{shoroe -Mendel  rats established  that the ol

L0, Tor capeylic acid was 10,080 mygkg Qenner
crad . tudi In this study, rats were gvenly divided
by sexoand were fusied Ffor approximately I8 hr
sow o treanment by ontubation: raty were allowed
Avcess to food and water wef b post-troutment. The
suls ndicanions of ey asted oothe aveeste
datars iosurviving ammals were depression and di-
srrhiona,

A study carned vut g rals by Smivth er of (19062}
dutermuned thad the oral L1, morats was L4 mb)
toand 3 7vml kg for caprviie and capric acid, re-
wpovir el

Phe aoute foxmaty of several mixed preparations
of waprdic cuprw wod tngheende bas also boen
svestigated 1o osencs of oral studies momice wned
rats {Elder, 19801 This seres of studies indicated
that the oral LD for female nvice was greafer than
i kg In the first mouse study,
23 mi kg, letharyy and ataxia were observed within
1 min of administration, and dyspnoea within by,
2l after adeunisteation, all anhmals appeared
asvmptomatic aed suevival was 0%, In the see
.md arense study, tsig doses ranging from 2.5 W

nl kg, ataxia. lethargy and dysproea were noted
Wit ‘: n 15 min, which progressed to a complete loss
of auiivity mod few anamals by L hr, At doses of 20
and 24ml kg theee deaths out of 13 andmals
ocourred withine 48 br (20% mortality) surviving
attimals were u\‘;(!?pl(l}’}dll(‘ by T2 he

T e same semes of orad togretty swadies (Rlder.

80w oaal LG Tor male rals s determined
foohe wreatar than 36 mil kg Doses of 18 und 36 mid
sx el nor cosult snoany mortality ang there were
o aenificant Aodings coported wl necropsy on day

Asweond study wvolving boih male and fersale
rats couchrded that the LId., of towr other mixed
prepdrations  of  capohic capre teglyceride wan
srawet than SO0 mg kg

Toxicity following dermal administration

No data are available rom dermal toxicity tests.
Howoser. the observatens made during the several
sudies conducied 1o assess potentwd to act s skin
semadfieens or 1o cause dermal irritation (see belows

at a dose of

strongly suggest that MOTs are not toxic when

admioistered by the dermal route.
Tuxivity foltowing intramascular adninistration

[ three separate studies. with cither five, three or
twar rabbuts, respectively (age and sex not spectfied),
there were no obwerved musculitr reactons, myone-
crosts of other toacndogie svinptoms  {ollowing
emtramuscular wdmanistuuon of 8.5 mi Maglvel 812
(Krachl, 1961, 1962, 1963a;

In two other sludies. using three rubbits wind two
rabbds, rospectively tage and sex not specified).
U5 ml Miglvol was miceted  intramuseudarly  six
tmes Juring a Heduy period. There were no abaor
mal gross  clinical, macroscopic oF  microscopic
pathological fndimgs except for reactuon-free ofl
cysts and localized oil granulomata i the interstitial
tissues ! the injection wte (K racht, 1961, 19630

Toxictry folfowing intrapevitonedd administeation

fn o study wah fhve mule Wistar rats per treat
awnd group there were no deathy Iuﬁb)wmg Adxmms«

tration of single ntrapentoneal doses of 10204, %
16 or mlke body waght Mighol }S}fl Animals

dused from 8 o1 kg body waglt upwards showed o
dimunshed appeite and othargy Jurig the first
fow duys following weatment. possibly due 1o -
satfon of  the  peritoncuwm causcd by dosimg
Behaviour retwrned o novmad thereatier, Noecropsy
114 days post-doning reveaded oo nowworthy fnd-
s axeept for a residue o fest product mothe
abdomen and slight vasoular ddution i the ab-
domnal are assoclated with Jdeloyed absorption of
the test maserial (Klmmer, 1971

Aeute inkalation toxicity

MOT was tested in an acute inhalabon study
with 10 male Sprague Dawley raly and 10 male
Pirbright White guinea pugs that were exposed 1o an
acrosot of undiluted materd for 6 hr. The noonmal
concentration of the MOT (Miglyol %123 i the ex-
posare chamber was 280 gl tre wr The fracuon
of the aeresol wath purticles su‘z;}ii snough 1o by
inhaled (Wiameter <03 pm) was 197 1 per e wir
One contiel and thres troated ammals WOTE SATE
ficed 1l albter the exposute petiesd The remaunng
soanfred il frodted annnals of cach
Pty Lo, Al amnmads
and nicroseopi
asanation of e respiraion, Basuu

In v there were no abnormad general condinon
or behavicyral obsenvatons, no Jhifferences o body
weight or hods weight changes in frented animals

Fiery ST
Speis vt sawrthiced

aere subjeciad o gross aouropsy

when compared o the vonniols, nvr any abuoradl
macroscopic  findings in the luags or  traches.

Histopathological examation revealed wo treatd
anamals with feogquepcies of goblet sclls ot the bron-
chial mucosa which were very Shghtly Increased
over control, Abnormal bistological effects alse
weludad one control and o treated rats with very



shghtly inereased Jovels of mflammatory wiiltraton
of the stroma. This was deseribed ay u chronig,
notespectdic inflammation. These fndings were con-
sidered 1o be insignificant becuwse they were cone
sdered  to be within  the range of normal

observations tor that specrss and stram. No other

ross or  histopathologienl  chunges were noted
{ Reininghaus and Romer, 19773

fo guinea pigs, five treated animals exhibited un
wmereass i goblet cells of the trachea. Small inflam-
mators.  predominately  perihronchial,  foct were
vhwived mthe trachews of seven treated and one
vontie, guimab. Four ucated guinea pigs exhibited
myperplesta of the basal cells and Tour animab
exhibited  squamons cell metaplasa. Al obser-
vattons were runked as very slight o insignificant
bovause they were consddered o be within the range
of morroal observations for that spocies and strais
Phe mesults of the study idicute thar Mighot 312
snould be citegorized oy practivalls nonaoxic by

the mhalution rowte (Ronmghaws and R
o summary, while no recent agute  Loxicits

studios were found, there w» no reason 10 believe
that newer data would affect the concluswon thut
MCTs and therr component fatty acids have 4 very
fow acule oxicity i anirals, regardless of the
rotte of admustrunon.

Irritation] easizization tests

O sbar iretadion

MOT solunons (10%, 20% and 0% dissolved
e paratiin tiguid (DAB 6} were dropped wio one
eye of each of twe human volunteers at 3 (o 6-day
sufervals, An additional fae male subsects were
wested with undiluted material. Noorritiion reag-
Hoay wore obsersed {Potokar, 1971

Six orubbit eve drritution studies have baen con-
ducted to deterrune whether admmsteniug MOT or
caprlic capric tnglyceride to the eye causes i
wtion. o one study, instlladon of 30 mm’
(0.0F miy Mugtyol 8172 per day for 6 days 1o the con-
Junctiey] membrace of the eves of three rabbits
resulted in no ioflamaadon of the membrang or
changes 1 the cornea during the 13-day observation
penod (Klimmer, 19970 In five other vcudar igrt-
wtion studies, @ single dose of (1 ol Mighool 812
admtusterad to the oye and observations made

Eh

for boB days In four of these studies the come
podmd was eensdersd o be noneirritating
pAnomomons, 1977 Busousowr, 1975 Loewis and

Palunkor, 1977 Palanker, 1976a) In the fifth ands
Hiralanker 19760y, very mild ransiont conjunctival
sedniess and dischurge of the eye in two of the sis
rabbiteowas observed The test nmtenal in the latte
dady aus 3% RlLplyal 812 amd 30% coconut od

swnnaes of the goute rubbit oye rritston studics
i presentad 1 Tuble 2
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Toxwologic properties of MCTy g%

O rrdation : Z‘ EE

oo dormal ratadon study, 40 subjects were | Lon & o o
putch wsted with undiluted MCT. Three readings f =22 lggg f
were made and no skin irntation was noted (Ippen. o CEE % g 227y
9 Klimmer, 1971, £ E i s LR

Durmal irritation capacity was evaluated after ap- 208 5 3 R L
pheation of undilued MOT (Maglyol 8123 10 the ® 9 e 9 Aaa By

shasad skin on the backs of rabbits, Followiag 24,
By oo 72 hr of contact there wag wo evdence of e
Libson or infhunmation (Klmmoer, 197100 MOT way
sutd olerated s rabbits treated for 7 montns 1o g
repeated applicstion cutancous toleramee test, The
rest mater]  was  oategorized  as  noneirritating
(CGuidltot and Coquer, 1977) However, one sample
wsted was poorly tolerated and produced o promary

N friatg
Non-ititatiig

Coneluan

writation mdex (PID score of 0.46. This sampie ERRE RS L L S L
sausad vesivles to form in thice antmals, and two of
the aix biopsivs showed pathologiend intra- and perte
tolliowlar rotontion type inflammation In three sep- £
afate tests of o 5% dJilutdon of Vhglyel 812 it wus .
Biewn o b menarritating (Guoiller er ol (977 3 :
Pao wibier samples of MCT were determined to be = (j
wnldyy rrttating to the skin when defined orythema & -
atnd or vedema was ohserved in five of six and sic §
of ms rubbats, respectively. 24 hr oaller treatment, ; ::s
T symiploms were ot obsenved at 72 hr alter % L“:S
et Busiaewer, 1973) z i L o
Rosulis of pranary skin irritation testing of nine 2 %3 2
ditferent Wby or preparations of MOT (Miglvol 812y 2 ?“*:; 2
sie shown i {able 3 The wests reported by Guillot 5 E
el 1977 sud Guitior and Coquet (1977) were by ; F
the Offtes] French government method, while ail 3 53
the remaming fests, except the one reported ¥ - %
(KHmmer, 1971 and deseribed above, were by the 35 z ; ; ‘%
Draize method. The primary irrtativn scores show ; ;‘5; é ‘i"
that the samples were pon-irvitating or ware only & B3 S 2
intidly rritating g é‘% % ¥
P28 adulr maie and female human voluatesrs 't o % o : f
weie tested wath MOT using 3 moddication of the g 3 § f : % %
Drze repested insult patch st Alt subjects had = 54 Ly S =
ife or o ntaton and pone was sepsitiaed One 244 32 283 S ~
subject had barely perceptible erythemu at the first | GECE ?55 R -
sanding manediately following the removal of the 2 ?%:} S EEEERREE =
st paich which had been upplicd for 48 hr (Henke g;’ : 45 53: 2 gg :‘:_;:3 ;: é o x
and Ede 1973 g

12 women (age not stated) were tosted  with

Oob e MO apphed oo g pawh Now patches wers g };f -

arvhed a0 the same site Tor 21 comsetutive o

du s Iney wers romaoved 23 o oalter apphcation R -

aned vemd @l Mhe One subjeot had an ervthems R

serte of L0 on woseale of O o 3o duy 16, The me b B A

vestigators reported that all other scores wore O and ”;Z

were ranked as pegative, This MUT was considered . g

cosentiglly  son-irvitating  for the amount  used :2: k3

tHenke and Carabello, 19735 25 - o Y

SeHQaiion ‘3 % g ;JL *:* ii;“;:* f; % &;
MUT was tested for potential phototoxic etfecty F|& B F FRIZFLC

A

o the shin of huwman volunteers. Mighol 812 was



%0 K.

appied o the skin and then wiped off after M min
Immediately afterwards,  the  skin surface  was
divided by horzontal and vertical strips of udhiesive
plaster nto ficlds approximately lom” in area.
These fields were exposed 10 UV light (wuvelength
act specified) for graduated pertods varying from
42 sec 1o thZein, The skin was exemined for
chunges, sspecrtlly erythema. atter 24 aud <48 hro
Bugnunation of dhie 20 patenis noted no skin

changes, especiadly an absence of vrythema, atter 24
and 9k of evposure to hght for op to 11 Zuun. It
s conduded that Mighvol 812 has no phototonic
Hlewt cn baman sk i;);s n, 1980

fo another study, 100 human padenns who hmi
previousty displased cavows allerge dermutose
wore tosted By dermal application of 4 1’ putch
ol fabrw that bad been uvmersed in Miglyol %12

fier 4 he the skin test paiches were remened and
Pt trested surtaces were cxawnmed for the prsence
of ample srvthena, o ovidence of ervthema tor
e reactionst wis poted, confirmung that MOTs
are unbihelds to crogs-reagt i pauents with ablergic
dermnsdoses of other onwin (Degos, 1968 Klimmer,
1971y,

A sample of Miglvol 810 was applied 10 the sk
o six guined pigs as a 4% solution in vthano! with
application vvery other doy until 1§ applications
had been made Challenge application followed 2
whoafter the last wnduaction appiication. 24 hr after
appheation remdings were made  of  the
sesthema and oedonn of any skin reactions, Mo i
gtation was obsenad following either the untation
ot chatlenyge applications, These results show that
Muglved %10 dogs not produce sensitication i the
wiaea pig when applied under these conditions
Aneaymous, 1972

fo semmars, the results of these studies suppont
the postiion taat MOTs are nol dermad or eye -
wanty MO also are not sensttizens amd do not
masuee photesenstizauon Further, thow studies
suppor! the concloson that MCTs g vt tosw
wdhen admmistered by the dermal route.

sach

5
2
i,

Trmne fusction
Some investigators have pointed oot that LCT
cmlstons may lmpair monocyte. fymphoeoyte wnd
ot peutrophy) functions. These changes seem, bow-
cuor e beorplated 1o guantey and rate of lpid ads
RICLI ¢ been  suggested  also that
predominantdy MOTy hase
oot agr adverse cffect o no adserse offest at all
Crogos o (199 reported potental dufferamees
i the ctects on the mmune esponse bused on
vomparsomns raade with LCT emubions serws
MOT LOT mixtures This swudy included 13 normal
subeots, 20 patients reconving plucose-bused (ol
parenicral nuwnon (TPNY, 20 patients receiving
PO T hused TN and 20 padenis reeevimng 4 SO0
0 MO s and LU X«ivxrsf*«imc;tc sith-
populations, ncladmg wial T oells and [heiper T

RIS fits

vinulsions conlmmy

ENER EFHY

A Tt et of

supprossor wwd notaral killer (NK) ocells and the
rauo of helper w suppressor T oells were deter-
mined hetore und 10 days alter inttiatnon of TPN,
A significant decrease in the ratio of helper 1u sup-
pressor T ocells in the LOT group was found,
ajthough no such difference was duetected e
MOTLOT group. No difference was found in total
T cells and helper, supprossor or MK cells,

A study was conducted 1o imaestgale the me
wanological  effeets o throe TPN reylmens n

patinis, In the west regimen culones ware derned
solehy from glucose. The other two were wdenuical

exeept thul 5% of the calories wore provaled s an
LOT lipud cmubsion or as o 5050 misture of MCT
and LOTy NE setety aud Bophokinesctivered
faller (LAKY activity were signtficanth hugher 1
patients reecrving the MOT LOT <olution whersas
sgnificuntly  lowar LXK autivity  occurred
pativnts recetving the LOUT soluton. Inwerleukin 2
centent wactaated T lymphooyie sapernatats was
sgnticamly hugher i patients recaving the LCT
solution. It was suggested that TPN with LUT
einalsions or with MOT containing emulsions per-
turb cvtoking interactions: howsver, the offect 1 fess
with MOT containing craulsions and s o aay-
ment eertam responses {Sedman o7 of,, 1923
Sedman o7 o, (19907 cxaminad the offects of thro
fipid MO o LUT-basad emulsions on L.
fated wieractions movres Moogen-stimadated and
L2 actinated  buman  vophocvte prolifviation
were both mbibinod 1o w dose-dependent manner i
the prosence of all thray Hpld omulsions, Howover
the effects were ks murked wath an vmubnon
which hall of the catorios were Jderived Trom MO
than st w umilar eraulsion made solely s
L7150 Samilardy, the LOT cmubions inhibied the
geoeraiion of oviotonds vnpholme-activaied kiler
ceils 1o greatsr degrer thap did the MO Twontan-
wg selunens Neither emubsion inhibited the pro-
Ieration of these cell hrey, wlich are not growth
facten depensdent, bur did ehibt the growth of an
iL-2-dependent oodl line. They conctaded that bpd
enwdsiony can upset [L-Z-dependent hrmphiceyte ye-
sponses. These observations may have relovanes for
the tumoeur-bearmg pabent who is veceiving TP
The evtotoxe effects against human mmuur wells
and influence on the dmmune system of MOTS.
LUTs wed as M“T LT miture were compured
MOT<showad more potent tamour well
than did LOTs Cortnaens Gposare 1o MO T aew
inhibited the wvotoxa cteer o8 LAK colis muach
moTe ~zmz:3.13, i”x di enposare e BUTT
Flowesern, e oo disciepaniey Betveen the won
centtation of MOT, or the muxtiee, that coukd sup-

Jerge

Lvistosciy

press  the  growth  of  tumour cells and  the
concentration  that inhibited the cviotoxiony  of
LAK eodis Moreoser, ne damage was obserad in

peripbern blood hmphooites or FAK coils or in
cvtotoxieny when the oolls were invubated

ther
sith toghoendes for Jhrodey Thas, shotterm

(4
H



Tosicologic properies of MCTs 87

contatt  with trghworides  cooll  mhibit  tumour
groesth while the ypmune system wis maintained

Kottt of of . 1998
i gencral, that MOT emubions
bmphokine  iatemctions witiun  the
depending on the emulsion. the
regimen sudl raost Hkehy, the health stntus ol the
patent Corttin of these parameters appesr o be
love mbvorsea afleced by MOT emulbsions than they
are by LOT emulsions dthough the reasons are not
abderstood at thes dme

Phe tosw poteniml of MOTs for human
werron ool was evaluated 1 oan o vitre 18 sySe
wm Bone marrow eells from healthy donon were
caposed (0 emubions of enher LOTS or an MOT
L] mi%?m‘c for 24 hy, following which they wer
cultarsal for 14 davs. Emulsion concentrations ran-
ved om0 1o {0mg mb cudiure medium, Coneen-
gutsns o 5 me mb or hugher wore reported (o
vohibicd colons Tormation of the
Skt PLITION e cormpared e the coatroms.
Loeste were reparied 1o be simlar fon LOTs and
.iw MOT ECT misture oxeept for eryvthroid buest-
ormg units. which wers sigmficantly more wnhib-
f

waihun normal range |
The duta <how,
s aileut

PRNUTIT saosieTin,

hone

AL Y

cefa,

tad by the LUT emubsion (Beau of wi 1997 This
SUkdy sugposte thul fOr @ feete Cullure syslep

el of rriglycoride aoulsions
prifuary bonpe masrow ceolt coloe
Without the melabele capucity found .o
aniftials, these trigheendes would be Gee o
drect ool membranes w the o vies modell poten

nodersie o bugh
siembensely afusy
P11l

et

tadhy altenng membane permenbility In the animal
and haman siudies that have beon conducied there

have been no observations suggesting that wiglveer-
wes, mcludmg MCUTs, have an adverse effects on
fone MArrow or marrow funcion

St of the poteniial o affecy the immune ree
spoase sdggest that, wder conventional use. MCTs
ause g it oF mas provide enhancement (e
LS DR
oo sytem Loader axensive parenserad dos-
arg sitwations, MOT emudsions may wlso downe
sevnlate seloeiud amroune system funcnons such s
LAR aotniny

Sihotrondic toxicity studice with MCTs

R I R RRTIAY (D TE R ST SN TN LG 2

-

<17 was ancorporaied into the
J o 12 Feday-oid Stogle Comb
Loghosn male chivks for 3wk & contrad
recenved standard dien. The u‘oult:d gruun
d reduced hody wedght gun, rulfled feadhers and
reduced mwc%e m‘ighi,v These offectsy were due o
the reduced feed consumption by chicks recebving
the hugh tat \im{ Adl mortality was due o star-
aven aud not the consumpiion of Migiyel 811
e absews of “cluch ocdema factor”™ was deter-
mined Pyothe abnence of hvdropericardiun, bydro-
neronene awd subculaongous cedomn ar the time

el ar

Mhgnol s
vt oo TR anid §
Whire

BEXEI R

NEcel aebivnes tooselective compoments of

ol autopsy. Yery shyght suboutancuus oodema was
obseryed n three troated birds Hlourt hsd volume
was mimmad in all chicks from treated and contrel
birdd and there was ne wvidence of an oedematous
condition, Gross sutopss did not revewd any abaor-
e Bver or kidnes changes The resuls of this
stwdy showed thar Mighyo! 812 dd not contun
chuck cedema factor and that Migho! w nol tne
W chicks (Boh and Shapieo 19381,

Wil oral wavage o gy iy wmorats

In two sparate
fuis were gnen
by oral guvage

N
¥

tost, groups of 10 male W Asur
either boor Jml MU {Mug:‘ml st
For 30 daya, This reprosenied doses
S8 10 7 M mb ke body wagln diy or
108w 213 ml kg body seight day, respociivels,
over the course of the studics. No toxic ofieets o
adverw effects on weight gain or urnmaless vadaes
were poled, although dunuy the fust 5 7 dins o
the aial there were rudnotiot o
stahe amd othey digesine diarbanoes, swch as di
wivhoa (Khmumer 1471

runging lrom |

fnitory e

Weahey parenioral toxway study i rabhin

byoa B0-day el e rabbiy were mven 303l
MOT tMighof 3127 twe o seek ntumusoudarh
the et aud nghs tugh muscles Two
ruabbhite were used asy contral ammmds, Histowmend
axamnnation roseuied anall daposis of ol i the
wesstitial issue of the manscle at the wyection sites.
zenerally dn the foerm of ol ovie which sere
anclosed ina nonsspecitic, fibre-nich granulation b
sug. These responses were low gride and were con-
stdered 1o be imte changes relored w the ofl cests
whivh were abse desenbed it acuie study  triiah
Miglvol 812 was absorbed amd mcluboiized without
aiy plasiolegival reoction, with the exweption of
the Slight changes due o the gutmd depet sl rhe
mection site aned Ly the mpction weell There
o dications of amy chaage< i the brun, lungs
fver. kudnes. <pleen, snocardiom or hdar Iymph
nodes. There were oo effents on blood muwsires
ments of totad bmds o1 et chowesterol shon
puring values for the veatsd wnd coniral godps or
for the megsurements ouede at the start und cad of
the studs. The results wb the study shov tha
hpleo® B2 e good parentenad conpaubais e
cabsbi Latetornn O

horachii

wdditonal

wore

Wi

r ol
RN IIRESY

faygete

[T SR P

Sesriodtids ovaf feoccrny sty morat

Giooaps of 20 mude and 26 fomde sty wore fee
MOT Muglvol ST at 3, 10000 oy 3000 ppm oin
thy deet {representing 00 T and 3%e of the drety ten
3 menths. There were no reported signs of oo
amd no reported adverse effects on body wagh
{Table 41 body weight mun, Blood chomistry values
Or gen x\uz,hla The blood chemisty included
measurementy of iher enves AST god ALT. and
nonsesterifios fady ackds umd esweetiod fare aodds



88 Ko A Trand et of
Tanie 4. Mean hve body weights {1 of rats fod MOT in the diet for 3 months
Cungrol LA ppm WA
Dy Males” Femules® Males” I emale Maks bt
o 914104 Jf =81 94§47 93 o 93 R
] 1%2 4 201 T &R 1784173 156 ¢ [EXI TR
3 241 4293 178 ¢ 148 Bepad 189 & IEE R
M 93 ¢ 324 233 51504 8Ty 243 Ity >
b 345 £ 350 222+ 188 329 % 260 22y
HO 3385388 337 ¢ 0 366 280 24% ¢
¥4 403 - 344 245 4230 W 330 BAN I
Percent weight gain days 0 94 © 3358 EREL < 3o .0

Vadues proscmied @ awan ¢ standnd deviadon,

noMm

it

Tabde & Mean Mood Wwmetry values Tor cots fod MOT w0 the et by

v

months!

Conirsd LI ppos
Messuramest Mty ot Male Faomales
ANT el 64 4 KIS DRI SAgg vl [ AP B
L mU 43y 29K 2ext s HAVE I i T
MEEF Al e 0,59 -8 047420 GER 4 0.5 [CEAN AU
BFA mval e HIWEER ] R0 o 167 R 1 Y07 K1 e

"Wodues presontud & mern b standard devistion; o 31
NEVA  nos-gsterified dfree) fanty acuds, EFA

which were all within the normai range (Tabic 3.
This study showed that feeding Miglvol 812 did not
merease trighyeeride levels or induce a hyperlipidae-
maw condition, At necropsy, the absolute and brain-
werght-relative weights of the fiver, ladney. adremad
ghand, thyroid gland, gonads and brain of the rats
fed the test material were wot differeat from cone
wols {Tuble 6). The no-observed-adverse-etfect level
(NQAEL) for this study was delermined to be
greater than 50000 ppm o the diet (Klimmer.
19713,

Seranth dictary toNicity study gr rars

Groups of 25 male und 235 femule wounbng
Cel D BR Sprague- Dawley raty were fod caprenin
at 4, 5230 10,23 or 15,00% in the diet for 91 days.

< wsterrfied 0ty aads.

Capremin is ¢ mixed<hain MCT LOT consisting ol
caprylic {23.2%%). capric {26.6%) and heheme (s
45% 1 acids, Control ammals were fod dicts corn ol
(12.1% or a mixture of vorn ol and Cuprex
00, an MOT 317 and 11315 respectivels 1 AP
diets contuned st least 3% corn ol o provide
essential fatty aads and wore balaoced at aboad
600 kcal:kg and provided 26.8% of dictary calones
as fab. 19.4% as protetn and ST 4% . curbo-
hydrate.

There were no treatment-gssociated deaths aad
clinical observations reveald ne Bndings that wore
unconaion of al mercised frequency tor amimals of
this type and age. wah the cxeptivn of mercased
neidenees of il desquamation in aninals on the
gcorm ot MOT diet. There were no significant dller

Table & Mean absolute organ weights and brain-acight-relative organ weights (g3 Tor rats Yed MOT w the diet dor 3 montns!

{onund 10000 penn SO0 g
fitgun Slajes Fonstien RIS Framalos Mades Hotaas
torry budy wanglit S AT T4 2R i~ 2.3 PEEIRER EPRI I A O
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ees i body worghts or bods weight guuns ucross

ulb greups In the groups fed caprontn, male rats
axbitbitod bower liverto-body  weight ratios and
seutdes exhihited Jower absolute liver weighis, both

it

wye afmenvatons were atinbulad o redoced de
fat nothe loors, Males on the 1509

apremn dwt consumed signiicanily more foud and
amndes consumed siwativantly o foed than e
wran o er o corn ol MUT dwtary groups.
Duleraies in huematologie and climeal chemistry
sl across ofl groups wete comselered 1o be e
stgntiicant, approumating hstorend
wonieo” vadoos, and wers not relaed o treatment,
Seeropsy eviduaton meluded granualar pitted rough
“enat obseregnnns lor highederse

ssiton of

caiosicaty

caprenin diet fed
thiv observation hud ne histe-
cathologica! correlate and was considersd 1o be re-
ated o renal chunges {nephrocalemosiy) that ocour
aormally o female rate There were o other gross
ar hustopathedogreal Gedings reported There wore
W sttt heneious armeny groups i i ol
S woaent us weght percent. of the hearts e
vrema fal pads, boweser, there was o trand o
ity of fu de mm»d i the fvers of ane
by fed caprenmnecontaming Jiets The NOAEL
tor waprers was determaped o be oogual o oor
sgreater than §3% of the diet £13.2 and 1d o g kg
hods weght dus foromales wnd feales, pospect-
selveamd tor MOTS, nthe corn o MCT dign o
sater than HE2% of the e approx. 9.2 gm
cads wanght Jday s (Wbl vr rdl, 1998,
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Subclyenic dietary stadivs with MCTs and 10T
Many of the subchroaic studies that have heen
carrted out with MUTs in luboratory animals and
s humans wore designed 1o compare MCT- with
PO T-contaming ‘31{71%‘ {n the accounts of
stttdies the o Can MOT. b‘md diet ou an and-
wapnt ol degree of fat depostiont s
spored reldinve b the offect or response observed

these
Hewr of

mivtest (o ¢

wier Teethng an LU ased dive
Rar sradie
citects were observed i 2
Spragae- Dawles rats were
sither an MOT. or LOT-
which derved 30%. of oy walotivs
Srunads fed toe MO dwa
fevels of diseotable L,
vinhated 1o duguer resting and maeam
xz\5!‘&1“;"’:iacph&‘iﬂJ%{i%‘l‘tULl ed O cumsumpuon and
melabelic rate Laver fas and blood ghucow
aere compurable botween the two groups {Baba
al 1982

In g simular study in which male Sprague -Dawley
fud, vig oval intobatton, an MOV o LCT
derived 30% of the calonies faom {ar for

o sigmhicnrst adserse
stady wherein 15 mals
ved tie vndd mtubaieen,

Shamny Ji
el LA et Uowguas,
L sasmicnatly lowar

Tl gy

valus

Aty woTe
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fosen MOTT Ned pats snuned Q0% dosy svotght and
s Bz depers weoghiag 3% dess dhan BOT e
i Drens owh 6 oof e siudy rats st myomitored

for 1atal spontangous physical activ iy wver o4 4=
period and no ditferences hetween the 1o groups
were noted, suggesting that MOTs do npot mduce
cuert toxseny s would be suggesiad By the abwence
ol Tt Serumt insutn bevds and e wohis i
cdaroass proteme dawd Hderent
hutseen the two groups (Caoeibter e !"?1“‘2?»
Another study used male Wistar CF rats wtuch
wore fod fatecomaming dicts for 43 days in which
3% of the mezsholizable onurgy was conatituted by
PO or MUTs The data showed that ruts fod the
MOUT diet had depressed ievels of weun choleaersl,
weght g was decrensed by 217
RYR

reention was decreased by 16%

bargs,
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wd enet s

selatonge o the

LT fed ras The LOT dier meoreased fong dopo
sition 13 1 Mefold. Mo osmmbwant ddfurences wet
ot Between the LOT and MO groups wath

respeet to plavma ghucose, rglveerides. Tree tully
acids o fiver wc‘tgu heputic ghoogen oves wore
Mt tower e the LOT zroup (Chouwe ol 199,

Hinan studiey

A study was conductad wilh ol patients whe
wers od fermouin diets vontning oher MO
P70 O apnvlicn 1A% O tuapnen, 1.9%. L
and 0.3% O butter or curn oid as the sole uwa-
lorte souree of dhetary it The study lasted up 1o
B wk amd wsed  crossover sudy desns each tos-
e denved 3% of e caloriv coutent trom fat
The MOT- wd corn odweontinmg thets were
shown o produce sgmificamby lower cholsterol
fevels, r::mi!u o steady-aate vels uchieved on the
batter diet. The onby side-elfect documented [y the
MOT lormula was g trapsient peviod of aausca wnd
abdominal  fullness during the frst 24 days
{Haskim er ol 19603,

Fowr buman venunteen whoe had fusted osernght
wone tod e MOT kg bady welght (71% capribie
2 tapries Yy daa) '"i“?n:zr syt droe Gty woidsy
shoned @ hizly propories o sl
ks proporiieg uf fong vhate uoxds fer 4 alt
feading the MOT prepaiation Do toacaiogie sviup
torns were reported ({UTHFAL (9Rth

When [ heman codunicens  mpgested
mg{mm Y% g) of synrhohw fm (a0 trighveende of
T Rannie 17 capre 3% caprhes 9% morisi,

ot of aaprows gl had ne enylomwrons

Wl anid

106 ml

asnd
wr the sers and none Jeveloped ahineriuea o naed
txtosn thew jaeess AL had m
Latty acsds waber seras These wesalts support orbet
dasta which that MO e
olzed in the muesline and ars absorbed primasihy as
free fatty acids without sdvense effents (CTHA
9k,

tn another study, 1 aon-obess males were over
fod {1509 of ex :mmt d CHRIEY regninanenisg iwo
formuda dwets Tor 6 duys cachy 1 o randomizgd
eronseved osiwn The fat componont ol
reprosanied 0%y of wvaborie cnergy aither
v LAT Noo sigmibeant
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reported. In contrast o the repors cited above, a
reduction in fasting serum tow! cholesterol wus
noted for the LOT diet bt not for the MOT diet.
A threefold increase in fasting serum tniglyeeride
vatues weas neded for the MCT. but not for the
LOT diet Ie was suggested that MOT dies, when
fed dn eacess of calovic soeds, maght lad w
inereased v norvo futty acwd syathesis and enhanced
fatty acid cloagation activity wy the lvee (Tl e o/,
FOOH),

Fo semmary, the more recent subchrome stwdics
provide eonfirmation of earlier dwmf}' or pareateral
neatment studhes and the owtcome ot such studics
appedt {o be consstent over tme Phe MOy oxde
bt very bow taxsaty when wduidosteied o the diet
at feveis up o P30 of de dicr MO Tbased diens
have been shown o cause munor alcrations i
sorunt hpid protifes, which e vocasiwoually e
aed anto slower rutes of woight gumn refulng (o
LOT-hased dicts There s an apparent debuie ou
the eitect o an MO Dbased diet on serum choles-
wrol fevels  This appears o relue o the dictury
cormparsons being made Compared o u high bue
wriat diet (Hashim of o/ 19601, cholesterol levels
were decreased, but compared o ow bigh LOT dJiet
(PRl er w1990 choleserol levels wore not
Jdetteaed, None the less, the subchronic studies in
both animals and man have mdicated that MOT-
hused diets do nat cause significant i o
famians or o laboratory annnab

Developmentid and veproductive toxicity stadies

I u stiady with Sherman albipo rats thal were
fah dicts contatning 20% of aher fard or MOT i
whilion to 8.09% hnoleic acd Tor 10 12 months.

ne eifect on fertility was noted. Whee treated muke

ity weere mated at 9 months of age with control
Pooales all mabes were tound fo be eyaally fortle

aid hiers were normwl with respect (o nwmbe and
swetght thn fumale rats which had been muune
tamed on the MOT diot supplemented with cither
609 or 2.0% haoleie acd were mated with males
that had been treated with the MCOT dier - 0.09%
hnoleie acid, aormal Btters occurred, Howoever, the
twctation performance of lemales on MOT diews
supplomented with 0.09% linoleic actd was reported
Jay heing poor. as evidenced by oo survival and
rittes v they offspring The »o fitter
praps Grons lemadss who bad beon muuntased on the
MOT o0, hnedew weidd divt wore the i tum
mantained oo MO 1 00 0008 o 2% linojerc acd
Hall of the males oo the 0% Binoleie supplement
died, nowever, il survivors and all rals of the other
groups grew (o weights which correfated wuh e
ameunt of bnoleic acd given. The second-gener-
apon amaads mutially showed signs of imoleie aid
deboieney. but thase symptoms oventually roselwal
withowt the addimon of hnoloe aend supplameais
Thus while detars levels of boolew aoid afftowed
atfsprinyg boaned surviedd parsmeters, e inwor
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poration of 20% MCT bad no advense elfecis on
reproduction [Kaunng ¢ ¢l 1938,

In o reproductive toxicuy study, voung adult
oale and fomale Wistar raty were fed o hulanced
diet comamin;. 19.6% of an MCT of 3% wpnlic
and 5% wapriv acid for 2wk before mating, Tha
group was comparad to concurrent groups fed tugh
olee wil, butier far or coconut ol dicrs, Body weight
s and btter siar und uoth weights of the ammuais
on the MUT diet were dimilar 1o those of b on
the other dicts, Mortating of the Fyoamd Foopups
daring letution was sanewhal lugher, and weoighs
snn waws saghtly dower in the MOT diet group
rups. Tho was ciiwcii» agtrtbuted oo a analler
sz of aulk worete 1 by the danes and was sup-
ported Iy ubw;wimm that thore was comuderabiy
wae boaly fut o shose anpmals, A woamng. the
Fyoamd s penergtions, shich conunued 1o be Ted
the MU dhet, showed o woight wan vomparebie w
that of control 1ats on the other dicts There were
uo advere cifects on wproductise purameicns or on
pup development aside from slightly bode
weight gains duniug the lactahon gmxmi {Haiking
and Sarerr, {U68)

Two dovelopmental toxiony studies wore carned
out, e oparatiel. wah 258 progasm forule OriCD
vits and {3 progran Tomade HRa (NZV ) SPE rab-
bits admimstered 2 31 mixture of MCT and LOT
during the period of orgunogesests, Test materal
admmisiration wos iu o mtrasvenons infusion {tal
Ve U fiata, our el an nabbiet of ether U, 10 or
4.2% g hpid kg body woighiaday, Femade ruls were
seerificed and necrepsiad on duy 20 and Danade rab-
bite were sacrificed on duy 2% of goaation heanes
wore excrmned and the number of corporn lutes
was recordad, The utert wore pemoved frian vach
rat sud weighed, and the nwmbor and placenent of
wnpluntatien st thve apd dead foctuses, and warhy
and hile resorptivgs) we froctises were
rorpovind, woighed Ll
tssue and sheletad abaormabitios.

There were no st materiabralated Weatbs W
erther trind There sere oo wdserse etfects of treat:
ment tiorats or mbbits admunstered 1 U g hpidiky

et

are roorded,

caannned for edeinsd, soft

body werght day and there were no adverse elfects
of freatment on the foctal paramatons.

Rats thal recened 428 g limd kg bods wepht
dan eghubsted @ nossagmdcand tend  ownids

vesuinplion dunmg ladient, ol

i

asaaiien ol the tost

rodduud foed
[LESTRHTN
arncle. entanged bemiph nodes, splaas aiw renal pa
visns aud saall thymuses There were no ~lanstically
wgnificant adverse ofects on el puramcters The
NOAEL ur maternal wodely inorats wis cqual o
or greater than 428 gke body weight day (321 g
MO kg body wewehtodoyy and the NOABL for
foetal toneus el other foetal offects wins
or grenter than 4 28 poky body weht Jay.

Rabbiy thar secosved £.08 ¢ kg body
exinbiizd staniwemniy sieaficaath

aeoomter canh oo
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sumplon, statistcally sgaificant body weight loss
ansd output  during  treatment balarged
raph nodes, splevns and renal pelsises and small
Hivmises sere abse observed Statbsteully significant
Aoty observed w foctuses actuded foctal toxaciy,
wwabenwed by mersoed  medences of tesorptions
mplantation losd of 17.0% v L3% a0 the
caomroish baver body waights {(78% of control
vaduest bnereised meidences of skeletad anomalios.
actuding unossiiod skull bones, misabgoed sierneb
pae, prosacral vertebeas wid fused mby wore soted,
hut were detormined not o be stadstically signifi-
when  compured 1o contrels, These foetud
attibuted o the divtary deprivation of

BN

DO

cant
Sfects were

the  dums dwnng the vewament period The
S ELs for matorosl tonicity and tor togtal toxe

ety i orabbits were both greater than O gky
ol werght diay wne fess than 408 ¢ kg body

coopht day tHenwood ef 0 170 Wison w1 ol
PRLY
S ceperonent was conducted o determine
aherber fesdmg MO Ty wosows during e gestition
Giroand carny wetaion (L) would mmprose neonatal
Buanmng on day 910G and continumg
tarough das Tl sows were fed soenergetic {7000
ctubohizable eporyy dayy and oty &‘g SO
i g erude proteny diyd amounts of either contiol
9y starvdt 200w h:;m ofil. fong cham ’.ng.i}x;m .
shos (LOT. sonbean od 2%, or MOT ol
MUOT 2% conbean wiby divn, Sows (o - 18019 and
TForespectivelyy were indueed o Bwrrow on day
JEatn, Batters were woighod ot both, before suck-
g, wed oo doye 305 T and 21 There was ao
stfoct of teatment on averuge g weight at any
sme and no difference i the number of Live plgs at
yirth Beginmung on day 3L (2« 988 and continu.
g through weaning (day 2HL P < 0020 survaval
s ssupreeeedd e Bnas from sows fed MOT refative
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aontors fenn sone fed the control diet, Onerall
il ios ware % amd W% i wontrol, LU
Jd MO groupse mapectngly  The  grewtet

mprovenent o survnad o was obsened  in piges
werginny fess thun 900 ¢ at birth Surveead of pigs i
this worght rame 33 and 68% 1w contad,
U ang MUT traadment groups,  respectively
sithonoh feeding BICT reaiiad inoan incrense
Stz o AU E Al bk a0
At swtdson ik and Bhaly cunnet
The obmer-
Byt al

was 32,

thies teid for dosd

st
Ceeoun? b the puproece suivnal rate,

vanen ol metviead haosd iiitia;x:kc -

Bath i opress frome both the POT and MU fed
sows s supporing of o premaial elfect of the diets,
The rosudts suggest that aot only 15 survival

maprovad, but thut coratn reprodactive parameters,
~uch as litter sice, fove berthe, birth weights and ht-
er survisad durng earhy factavon und late lactabon,
atfevted by dietars adminstiation

§
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In sumneey. SMOTN admanotored in
Svohe mdrmsetens rogte had o adverse effect on

the Jiet or

ral reproductive or develupmenial  parameiers
MO adinimistered o the dier had no adserse
afect on feemimid pestunonal devclopment aand
postiatel survnal of pgs. In contrast, MCT»
mfused intrvenousiv in rabbits over u Jaily 4-hr
period at o lovel of 4 2% g hg body woight siused a
o 1 umi\ weight i dams and desclopmentul tox-
Wity nothe pups from thowe dams, Howewer, this
eifent muy be attributed o dietary deprivation of
the dams. wspeaally in view of e absence of a

ssmilar etfect moa puallel mbavenous reatment
study 1 rats The nower studies affiom older duta
which show tat MOT are not reproducing or

derelopmental tosants

Chronic toxivity Jearvinpgenivity stadies
u'?“i 1
FEINTY

froa stwdy o whach Sherman oo rats
diots contwming 207, of either dard or MU
divon o 809% Haoice acnd for 10 oy 12 a:mm}&\.
ne overt oxigy was obsorved amd there was no
shtfuronee wosuovval bavwesn the twe groups, Rats
fod MOT gamned upprosiooiels 3% Jess woight
during the sindy  Thie dfforence s sbova ool o
Pe the rosult ol facend fat fosses % seond gone
potcal of the stads smeebaed he comparson of
swrtdn chowstorod dowels o sate ted the Lirdebused
diet vy the MCOTebewd dict supplanented wath
cither 00 009 or 2% Hnoki acd, Rats ed the
MOT diet bad serum cholosterol Tovels which rune
m:d from 33 1o 76 mgte o5 53 10 129 me®s for vuls

1 ihe fard diel. the ruts fod dicts wih 8.0% hino-
ix:sc exbibuted greater calorie reguarementi thun thy
groups fud dicts contaming 2.0% hnoloe aad or

bard, Therr were v adverse tondeoloagivsl offcen
reported for ammals ded dwts contammy MO

(Ruuniy o1 of. B8
The chrome tosasty protie of MU
ated a0 dietan

fetiale Wistar tals

W wies ovaiue

HEN

iny oomale and by

stady sl

Piw ats were fed diets thiat GQid-

fered vidy wth roapeer tootha

fab that supplied W% of the ©
fa

sutigee o the dwelury
stal wudopes {210

fay 1he fabs tosted wers MOT lef‘§)1‘£\\ T30y
capryhe and 3% caprw), ofen o butter fat und
vovonut o to winch 7% satfiowes ol was added

1o wesare adediaesy of the osential oy aends o ad
od v 4wk o codannnion
matchy 9 g ke oy wowly
MOT s suap

ind dsvelopmoent and thoe

diats, the study s
cONO T s approsg
das, The roults <howed thar b
ported gonng grownih
Vil 110 i}li:ui“il& Hi oA H?idﬁii\ hetueen 1'3& LRTF R IRISEN
treatment groups Organ woghts of the e kid-
ney. spleen, hearts adrenals, and tontes were samibar
i afl groaps ot the end of the study. and histelog
cal examipstion of the hver amd oitostine showed
1w murkwi differences At the eud of 47 wk. mean
watght g For rais fod the MOT diet was einal
TR W 1i1ow rosorded b gl other et but sigmif
wths thuan tha e fud the
socon ol hased diet cHlarka and Serels es,

fuss obsersad
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The US Nauonal Toxicology Program (NTP)
tested tricaprylin, a triglyceride in which all three
tutty acids are Cy, caprylic acid) in a 2-yr chronic
toxicity and carcinogenicity study. In this study,
male F344.N rats were gavaged with 0. 2.5, 5 or
0 ml tricaprylinky body weight daily, 3 days per
week for 2 vr.

The 2-yr survival of high-duse wicaprylin male
ruts wirs Tower than that of the coutrot vats (0 mis
kg 3130 2.5 b kg - 30050, Fmlkg sy,
0 ml kg~ 23°33) due to moribund kills and deaths
that appeared to be related to toxivity., The meun
body weight of the high-dose group was lower than
that of the controls throughout the study, although
the ditderenee was loss than 3% after wk 6L

There were signtheant dose-refated inereased tnee
dences of pancreatic exocrive hyperplasia and ade-
noma  (hyperplasie 8949, 9,49 189 38 S
adenoma, 249 6 49, 13749, 1830 in the 0, 1.5, 3
and 10 mb kg groups. respectively). The incidence of
profiferative lesions of the forestomach ncreased
stgmificantly with dose (basal ccll hvperplasia: 430,
SO0 12480 2132 squamous cell papilioma: 0730,
0.30, 330, 10531 The wedence of nephropathy
was significantdy decreased in high-dose rats. and
the severity of nephropathy decreased with increas-
g dose fincidence {mean severuy grade) 3630
{2405 42 30 (1.3), 4550 {175 27:49 (0.9 In high.
dose group rats, the incidence of monoauclear cell
feukaernia was decreased (23 30, 28, 50, 22730, 47583
There were no significant increases i carcinomas
tound e this stady.

Although the study report did not identity o tox.
wity NOAEL, o appears that there would not be o
statistivadly  significant difference in any of the
abserved parameters between untreated control and
T4 mlke groups Therefore, the toxicny NOALL
tor trcaprviin would be 2.5 ml'kg body weight day
or about 2.37 wkg body weight:day (NTP, 1994},

in contrast to the NTP study and to other
chronic studies cited above. it has boen suggested,
in one report, that tricaprylin may act to {acilitate
twmour ool metastasis. In this study, rats were
injected with ACL-1$ tumour cells via the poriad
sein, then were placed on three sources of TPN,
PN counsssted of wicaprvlin as an MCT or soybean
ol as an LAT or dextrose. These components come
pred ST MY uad 1009 of von-protern calories,
respectively . Dvaluation of Biver surface metastuses
showed mrore surfice metastases 10 nds that had
been aeated for 2 or 11 days with MOT followmng
tumour eell woculation (Ohkawa ¢ of., 1997 This
findimg 1 difficult (o wterpret in vivw of the absence
of increased incidences of wumours i the other
studies erted. and in siew of the fact that the lvers
of these 1uts were experumentally implanted with
tumour cells. The elfects of reduced culone mluke
on the ovolution of spontancous tumours and on
survival iy the subject of study by NTP and other
borateries (Disit und Kacew, 1997 Giknis and

~3

o

Clifford. 1998 Hoberman ef of.. 1996 Kari and
Abdo, 19973 Caloric restrivtion can be achieved.
among ather means. by reduction of distary
fevels 10 fess than 5%, It is establisbed that duing
so wil result in increased survival and reduction of
tumour  swidences,  espectally  endocrineanedinted
tumours. The reverse phenomenon. of incresswd
dietary calorwes fat leading (o mercased spantaneous
tumour invidences, Bss not been conclusively estab
ished, The capuoty of tricapryhn W promole
tumour metiastases needs 10 be evaluated e other
fess invasnve amd more naturally occusiiny exper
gnental seenarios,

In sumrews  chronic studies in PRGN an
wnvelang oral gavaze of the MOT tcamvig for 2
yroshowed an merease inosmortality at 10 mi kg
body weightduy {approx, 9.3 g.kg body weght
dayy Thys was accompanied by observations of
inereased incidences of pancreatic and forestomach
hyperplasta and adenoma, bul not curcinomas, ar S
and 0vbkg fo conmtrust, no mpmlicant i
effects or cffect> on mortality were noted m Wiska
rals or Sherman rats fed maxed-chan MO o the
diet tor 1 yr at levels up 10 20% of the diet Lubow
10 g-kg body weightaday) None ol the effects seen
in the subchronic studies suggests o garcinogenic
potentind for MOTy Therefore, (he results of the
chronic studies are consistent with e Hodings of
the acute and subchrome studies amd  suggest
that MCTs hawe wry low toxwity, These studies
also suggest that the roule of administrution (diet-
ary inclusion vy oral gavage) may influence the
apparent togeity of MOTs during chronic wlinis-
tration.

Genotoxivitymutagenicity sepdies

Caprylic acid exhibited no mutagenme actviy in
microbml mutation assays with and without metae
bolic acuvafton. The mdicator  organiaun wer
Saccharomyors cerevisiae sttsin DA and Sabaon i
syphisuruon surains TATIIS TADSRT anmd TAINSY
{Brusick, 1976,

Trivaprylin was tosted {or mutagesae acuvily in
the Ames mufagenicity plafe incorporation assays
with und withoul metabolic achivanon in comunc-
tont with  the NTP  chronic  toweuy  spdy
Tricapryhin was mutugenic in st TATS3IS wath
bt pot without 839 Privaprybn JBid v et mue
talons 1o sirate TAST TAYS o | il
without 59 (NTP, {994).

fnosummary. The evidence for the gesobaaaty
of MUTs 1y weak  Trocaprslin was ool Classidied
ay i cwrcinogen o the chromue  carapogenicy
study and caprylic actd wus not mutagonic w yeust
or bacterin. The pesitive result with teicuprylin in
one stram of bacteris in the Ames st doo got
appear o suggest that tricapeyhn shoudd be clusw
fied as o mutagen. Adduional date i other wr vre
or i owvn geuotoxisdly assays couwld contrm thn
assumplion,
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Toricologie propuries of MCTs 4

Special considerations with regard to oral adminis-
tration of SCT
Discasaion of potentiaf herosis effects

MO T e Badrasivsed 10 MOV A m the intestingd

e absorted wid ransported o the Hver v
the porial sony The hepats mitochondnial wetab-
ol of MOEPAS such ws cuprsliv and capric aoid
Attty resudts 10 an wxwess of acetybCoA, which
motwrn roulis dn the production of asctate, €O,
dud hetone bodis, v uh a minor portion bomg uti-
deed o feagrhen endogenows fatty acds {Bach and
Babavan, 19821 The production of ketone bodies
such ay f-hndroas butyraie i the bver can fend o
noewevation of the fhadron butyrate serum con-
senbrgnions, Thes bas beon documented in o nuobe
b papers, somy of which stre summariad Below,
sotliowedd by fnterprenne sumomars of the ciowed
cmfeanee of thew ndmgs

trimal studien

Ihe offect of MOT and LOT mgnton on ket
s tsestigated 1 Wistur riat s after o singse
either fal, control mis were
Nal Blowd samplas uhtained
throswhout the Hrel 100 aun alter el ngestion
Blood unabvees sugaesiod that the ol of ketons
Buddios, fdindrons butyiate and scetoucetaly in tie
Mood did nod vary alter LOT weatment, but were

HESV R IR

cral dose b 25 g ool

areuie wath W T

sigineaith ancreased after the adomnistration of
MO S-hdroaybutyraie Jesels reached o peak ap-

proximatedny 1S min after MOT mgoston, at which
time blood fovels reached approsimately 700 nmal
wl and were approximatels fivefold higher than
tnose of the 1ats i the LOT and control groups
sHis v er wl 0T

Make Wistee UF rats werv ted ful-comtainng diets
poovhie s A e ol Uhe metabobizable covrgy consmtad
2 e ov oy MOT s, Feeding was curnwed out for
aoperned of 4 daey Blood Ketene Beds cunoen
rrcbions an the MOTged ra were siymficantls

aeaker Bran LOD-fed tais onds o day 1 ba ware
conparable on das o8 T3 28 and H5 The mean
boady sadues oo day 1o the MO
sopooesnngoly HiGmanel mi blood
fasd iy,

ovababon ot

ol huetui

[ANRTETI R SN E
Lterptare reganding e
Wty SO on diabetic rats provides
part Ton the comcdision that there b no risk of
vacidests or kelongemis with MOTs Dders und
Proedman 984 repuried o stwdy wherein normud
and adabene rats were fod dwets with ancreasing
: o 10 2991 of either corn ol {LUT
or SMOCTO T e reported that culorie intake was
ety mapidiy adjusted 1 the normal and diabete
P e e MOT wontmng diel, Plasma trighyeer-

plos ond whooorod devrvsed i hath pormss
ane dbetw ats ed de MOTcenuunng die,
Howeser, paasiug Ketenes @ the notrd raty were

dictars
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it
2t
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WU

wmereased whereas there wus no appareut offect on
plastiy ketones i the diabeno rals

A comparatie study of the effucis of adis
tration of eotuiions containg an MOT LOT max
wre or LOUT alone on plesmi bpids ond mitrogen
retention was condaciod in sormal and strepiozote-
cin-induced diabetic rats (Clhen e of L 1997 Ruts
wors placed on totd parentersl autnnon wih sl
utiory providing 37.5% of the aog-rotem cnen
a3 el Fab vorsisted of cither LUT wr o T maare
of MO LOT The rosuds shuwed that i dinbet
tais. plsng meagsighoorol, noreostendfied
acids (MEFAL und plivdroxebutvrate lovd wore
tagher compurad 10 control rats, whereas plastos
el levels and atrogen retenton were lower,
FPollowing 1PN adminisiraion, plasui
feveds, tnoeviglvesrol nomeestontiod iy acrds sl
S-hsdroaybutraw sizmdeanthy
deorgased in desbetic Howes
wine and Drtens izdyeern Toveds rouuined lu;ﬁsm thun
o contrel antmaby, Mo ddloronces o the woneens
utions of plsmu tacyludyeriol cholosterol non
asterifiod lavy aods, #-hwdnanabutyrate o mitogen
retontion wore obsenved hetwerr the wo Jdudseiw
X @ resubts suggest that Mo LOT e
ston and sot lead o hyperketonacm and haperoh-
clmterofavmas as compared wih TUT mpien,
Hasd ne benelioind wifect on amtiogen wiesin morals
with streprovotocin-induced dizbetes under thoe o
perimenta conditions.

Thoese model <udies i ra provide confirmation
of the absonve of rish of ketoncidosts or ketoneuni
s humans wich dieary MOTs.

g.tf(at.‘mv
fovelx Wore
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5

Human studies

10 male volunteers were oserfed (L of st
nuted energs reguirements Ggad tormuds diets cone
i:a;mz‘:g 'rQ""ﬂ it MO or LT
patdent was studied for ©wk on each diet oo oross
designn Onerfeeding with the MOT diet pro

duced whae d

e wtther eh
o
fasting  serwim heele of 0
hpdroaybutyrate on day O redatine tohe TOT diet
Afer the wwal on day b6 Fhsdroadbalyinke loves
uring  the postpramdad perod m U
levels o the LOT mioup dd
un dday O, fis
spprosunaeh
apprctaideb

amertised
MU gwroup whersus
moet crange. A0 Digoadier e el
tedrosyhutynite seram hevels wens
samol v and o Thr wav
W nood md dLhE er gl 253%"\}1

Hhe ketoyonie vilocts of MOTs we wore o
nenanesd an shabetes tem m healthy subpocts (s
and 5% havan PR A study was conducied with
fo 0 healthy and three dpsulin-dependent dishone
mium«wma vach volunteer recctved gn oral dose o
WY 7 ad MO after aa overnight fast Abeolar
seetone conuentrations. measured over the follow-
um 1218 hro were shown o aworvase relalive o the

votance of MOT inposied. but por wr o e
fustnen The meun sotlosome teponse e MOT o

thiee nsulin depadont diubetic patienty wis ap-
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proxunately 2.5 times gxatu than that for the four
healthy volunteers after an ingestion of 25 ml MCT.
After u dose of 30ml MUT, peak acetone lowels
{approx. 1.0 g acetone 100 ml alveolar air) were
observed ut B hours. Acetone production coudd be
antagenized by the  councomfunt  ingestion  of
sucrose, [ was suggested, from the results, that the
mugnitnde of Ketusny b the msult of carbohydrate
deficiency relative 1o the amount of fad entenng the
eer. Thos studs showed that the ingestion of MCT
resulis In anwcrease i acetone producton in ond-
expiraons air acetone evels were :xxwmcd N}
reflect the ketogenic effect of MOTW The acetone
conettiralions were not converied 1o serum ktong
cguivajents, however, and thus they cunaot he com-
pared o e ketone body Jesels vited 1 the sl
above, or o the feveh assocuted swith dabenc
ketoncrboss. Therefure. although incrased fevels of
aeetong were found g the MUT-fed disbetiv volun-
teers, 0 cannot be determined from this stady.
whether thare s cause Tor convern with respect o
the consumpnon of MUTs by insulin-dependent
duabetics (Freund and Weinster, 19663

Normal cuculating ketone body concemrations in
the fed state are approximately H0 nmolml but
cant be as high as 2080 3000 amol mi in idivduals
on hugh prowmn. curbohvdratedroe diets (Shids o2 of.
19941 The bloed hnvels of ketone bodies iy nsesii-
gations eited above were 1 the vormal rangs. 100
H0 ol e, ver are at feast 10dold lower than
tevals assocwted with diabetic kewacidosis which
are i the range of 2600 15.000 nmobiml {Gornall,
R I the ketogenic response of an insulin-depan-
dent dimbeue patient is 23 times greater than thut
ot non-thabetus (Freund and Woesster, 19665, and
#oan MOUT-based diet vosults in moemal blod
hetone bodies  of WU amelnl wy pon-diabenw
paticnts {Hat ez e, 1989 then blood ketone levels
in dabetion on e sume dicn used w e stady
described above (JHE o7 ol 1989) would not be
expected to exceed T30 amol sl I can b argued.
therefore, that she rsk of MCT-mdoecd ketoucido-
sis would be negligible in healthy individuals amd m
Tvpe 1 diabetic pattents. MCUTs would be only
mudly kotogenic o Type 1 dumbetic patients. who
are thma! voonr vontisdled dicts, thas mgeston of
appropeiite amounty of Gl meght bt e sk
sver, funther {Dseher. 1991 Sondavly, of was
ackuowledged (Bach o Wi 1989 that although
METS can tead o ketons produstion, there s ne
tish of ketoucidosts o ketoraemia with MO

Discassion of « speclal pupriativt-persons with iy
rhosis ar Hver disedse

Fut mulubsorption sutficient to contribute 16 mad
putnion 3s comen woeurhoss (Linschear of @l
9661 In a cloncal swedy designed to evaloate the
tnetdence of fat mulabsorption o patienis with aloo-
holic curhosis. g group of 10 patients wus given
vquieaiorie MOT or LOT Liquid dets in ahernating

A Trawl v af,

periods of & days. The absorption of MCTy way
found to be signtficantly better than of LU w
determined from stool fat measurements. {n the
same study, the absorption of caprylic sod after
infuston into the upper smudl bowel was compared
between control and cirrhone pauents. An analysis
of plasma coprylic acwd  concentrations  dumon-
sirated that althouph there were comparablie rates
of absorption berscen the two groups. plasma con
centrations i caprvhie sond o twoe o thyeeinld
figher o tw curhotio patients, wnmedisichy atter
vie ol-man mfuson peried. This suggessed that the
vapacity  of  corkolie Bvers e cloar absorbod
capryiic acid and presumably other MUOPAs, o
compromised.

A subseguent study dlnschegr ef 2 19TO)
shuch vontrol and cirrhote putients wend adminus
tered @ test menl of MUTS (0.5 per e ean bods
s, abve showed that serwm onveniiabionm of
capryiie acid were approxinatcly twoloud hugher n
i crrhotic group Furthermors, it was shown that
wapryhic aord concentrasions were Jow- 0 hivelold
hugher an the spinal flusd of cirrhotic patients,

As desceribed above, MOT: are absorbed and
transported divectiy 1o the Hwer whore they are
metabolized: thus, onby o small bhraction of {ire
MOPAS reach the general crvudation m the pro
senes of normad hepate function To the prosence of
Hver diseuse sueh Jds cirrhosts, the cupnetiy of the
eer cast bu sigruticamiy compromised, resulting
decreased clearance of cupnlic acid i addition w4
decrcased production  of  albumun {Bach  and
Bubayan, 1982 Althoauh it has been demonsiruted
thal cirrhetic patents have clevated bBlood and
spinad shwd devels of cuprvhe aond foltowany MO
mgestion {hmschoor of ol a6, 1970 1 has vt
oot demnonsiiated thal this o consative Laaor w
OUNG oltcets deseribed s hepane encephalopathy
(folinson aad Corter, 19867 MoCandlons, 1995

Ceniral nervors system effeces

Anmral studics have heen curried out 1o mvesu
gate the potenual UNS effects of the sdounmstrsbion
of high doses of camviic aad,

The wtrapettoneal ofminibstration of
avid induce coma e, At
P3 ol 2 12160 my kg mice oxhsbuad @ ansiont
peread ol drovatnes Tellowed by coma, mwth
anm underlving the resultiog coma ws shown o
be the wesull of 3 sohwtbve offect on encrpy lah
el within oolls of the eencubr formation, Thew
whanges ATP and paos
phovreatine atul gn elovaiion of gincose wind o
pon (Mot sndless, JURSY

MOT con abso cause UNS towoty aita antnase-
nous adounisiration o dogs, A study was varmed
out s dogs that were intused with frealanom
feaprylic wuid) afwr 4

wapi e

cda o dow o

The

consiniad of o Jduerciase o

-he fust, @ orates whih
mereased 1o @ slopwise fashion {rom 2o o 3 o
44 pmed kgamim, owabh each mfuson lacung wor



Toxueslogic properts of MCTS Y5

“0 nun,
s, 285 and 195 g kg, respectavels,
oty wete noeted a( the fowest infusion rale. but

4t the two highor rales hyvpotonia and somnolence

sure neted. Dollowed by  unconscousness  and
epeated st in some ammads, The  mdusion

sosuited 1y plasma concentrations of katone bodies

aF 4230 56 amd 8§39 amol mi oar 800 160 und
240 my bosal levels were 102 nmobml These

changes wore accomparied by increases in plasma
lactate, as well as cleciroencephalographic changes
Phisina eotanoate concestrations ranged from 230
s D00 penol ml (Mides e7 all. (‘?W}

In rats. vuce, dogs. guines pigs und monkeys,
NG effects roguire blood enacentrations of vctanoe-
de of approdimatel 3 Bomolimi Uohison and

ot 19a6y fhe offuet of intravenous sohum
CRIbIOA 3T rhosds  MODKSYS wus  wvestigated.

P at doses of 3w kg for 20 e produced

il and eleetreemeephulographn syadrome
somparabh foo hepatic encephaloputhy . The seruin
conventrations of sodium oclanoate that wern:

achievad 11 ths Saperiment were deenbed s many
s higher than those obseried in comatose ¢iv-
vhatle petients winch are m the range of W Iy
ol Hue (10 18 amad sl (Rabinowds et f 1975

fre sumnnay, VCTs are catbolized and ahsorbed
raore Atliceatty than LOTs b pabients with cirthosh
of the bver, «\/{( Ts are capable of providing a sigaifi-
cant souree of calores. Cirrhosissinduced  hepatic
dysfunction aiso results 1a u decrense m the hepalic
clearnnce of caprylic acid, which can lead to clevated
fevebs of caprylie aaid in the serum and in the spinal
guid, 1 s not kaown whether this 3 2 causative e
wor i bepatic cucephudopathy. Uuestentied cuprylic
and o capabie of producimg CINS roxicity in animal
rodeby comparabic to thut of climes! epatce ence-
phadopashe, But the wis only achiesed ot serum
wapny lic awd concentrations 186+ (o SUt-fokd higher
vhn those observed n patients with bepaiw wwp%m
sapathiy. In these studies the uyiravenaus or intrapert-
toucud reutes of adnuastration are varelated to the
oral route of exposure in cirhotie persons
Phorefore 1 iy unbbeh
Caprs i acsd wone are resprasible Tor the develop:
st of hepatw encephalopathy o cirrhiosds paients
Poal apprears huelly unlikely that the consumption
e Mx Eo i the dict woid pose any woneern for
nentologeal effects w o reselt of the mewhohe
relense of capryviin adid

baeiy

Overall summun

MO TS are ewsentially non-tose o the acuie tox-
wests conducted in several species of srumals.
1wtk and denmal sristion wshog, MO
exduinted virtuadly no potental as ooular or dermal
irraants, even with proloaged eve or skin exposure
MOy axbiber no capaaty for induction of hyper-

IR AN

fhese doses correspond 1o wial doses of
No sigas of

that high oeceluting levels ol

sensinvity  S0-day ooy wests did not result m
notabie toxcty, whether the product was aduiings-
wred o the dut up to w373 mgke body weightoday
gt 1ty of by datramuscular mjcchon {up to 0.5 mi
Kgday. rubbitel The texwity NOAFLs for two 3
menth feeding stodus in orals were, respectively,
equal 1o or greater than 335 my kg budv Wi
day and equal to or greater thau 93 §myg kg body
weight,duy in the dict, There was ao {,\‘Jdnxzw tiat
dietary admmstrntion of MOTy adversely affected
the reproductive performance of rats or resulied in
materaal  toxicity, fovtal toxmty  or  eratogeme
effects ut doses up 428 g by body swightaday
Givr Another study, 1 rats, using @ capryliccapric
trighveeride. confinmed that MOTy would not pose a
concerss with regard o potential desclopmental or

reproductive effects ot distary devels np 1o
PLA00 my kg body woseht dives There sas oo ovge
denwe that dictary admumisiraen of MU

adversely ativcted the reproductive performunee of
prgs or resaited momatorgel Toxnaty foeidd tonaty
ar feratogere cHoos ol doson up 1o 937%myg kg
body welgm day in the dwb by rubbais following »
adminstratioa, the maeraa? and foctal NOADLs
were botween 10 gnd J28 ¢ kg body weight day,
with osieny oy associnted with natritions) dedi-
e the dumn A Zevr stady o rann, conducted
witly o cosely relanad wompound (rwaprvha, worne
shveeride with Ce fatty acsdsi, provided no ovidenes
of o atrcinowenic effect whoen the roatena) was
adiministersd by oral gavage at fevels up to 10w,
Ky (954 g kg per day. The ooty NOAEL, based
on daty from this <tudy. was 2.5 mb-kg/day (238 g
kg body weight Jday) Although tricaprylin was
Pourdd 1o be positive 1w ose of five stras of
Suimsonelly fyplinrien o the prosenes of st
Boehe activatan i an Aoy micrehal piitagencity
gawiay. the rosults of the s cmogemanty et with o
capivlio and maatagenivg Leds with cepnylie aad
indinie that MOTs do st huee the potential o be
CRCINUECIT OF mutitgenic i%sk faman
dictary consumpion of MO up o levebs of T g

sl (A} of

heo Bas heen confirmed w0 soveral clinueal triads,
MOTe hawe been wsed as Cheaods o Speaad

Dty Use’ me a nwmber of parenioal nnd enterad
it repliwanont prochets Tor e
(Otischlich, 1997 MO Degontunmy products used
for tetal parenwicial nutnuon soptn ipproanvuaiely
¥ MO, and depending on pationt s and
poudse afe given an quantipiey of 1080 o X mi
day {Rous, 19970 Thus, under maximam exposure
combitions, & patient would  recope 2000 600 mi
MOTs por day for up e several mwnths, This
worlld translde o 30 10 e ke body weight din
fussurne 70 Ky body weightdy Proposed wses o food
wonbd nchide MOTs At over a range of 4 o 67%
of the ood {for exaiple granodks buis A%, mul
fing w3 chessr 12 2350 masot
or margaring #7044 bascd
Pues, (9823

[TTRERN

s Y.
N predudt preparaion
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While there i< an merease in the alveolar acetone
tevels n dhabetic pavenats fod MOTs, there I8 no ovi-
dunce 1o suggest that comswaplion of moderate
icveis of MOTs would comribute 1o ketosis in these
patients Studies morats support the evidence for the
absence of the risk for ketoss, s patients waith o
rhanis o other fver disense thore o the potenal
for hegher arculaning levels of frov fatny uods due
teoreduced Bopatic metaboliie However, there s
no avddence il the cousumption of moderate
Rt of MOTS would contribiie o ONS offocts
st g hepane encephadopathy o these pationis, In

shobesic ur the cierhotic putient the
cotmumpten of AOTS could ner secount {or such
ae Qevation of Ketone hodwes o of trow Gty aods
dy wendd be reguued to tngger advense eifocts

Studies af MOTs carned out recently  {e.
Lines, 1991 Webb 1993 compused o those con-
ducted yeurs curlier 2y Kiimmer, 1970 Kravht
Ponihe are consisent with regard to o the obser-
satens that MOy con be adwminbierad by vanous
routes at relatvely high dose ks els. eapeeially in the
dist or by oral gvage. withowt sigruficant adveuse
scifect NOAEL values tromn dietary studdies appear
tor b comsestently of the order of JUB0 3000 mg g
oghy weight day and base been wponed as lugh
; brady Semgdarie.
samieas teeenving MUTS puresteraily buse tolerazed
dows of 30 9.0 kg bode werght dus for poriods
of soveral meaths without adverse effects. A stae
s 20 cad day diet, o which 30% of die dwtars
calores st (USDAL 995 wonld rclude about
83 Ve tat por day, WE3 of e dictary vadorios, or
~s tan wore oarstiated of MOTs. the datly bt
arvmtake of MOTy would be 487 ¢ dus, bor a @
kg omdoadaad that would be about 8.7 ¢ kg bods

~ N 3 [N
the wdas ot the

w00 e kg worght day

)
H

weight Jday MOT, Comparcd 1o the lowest dady
dote for TP gbout 200ml or 32 g kg body

wetght day. the detary mtake would be La-fold Sess
this the miake wsad fur TPNL

{ enclusion

SO e exiubin very fow ievels of toalay inoa var-
o daborators annaly and in humans when
admanstzred owalle, parenterally or by the dermal
Pere s ne ovidence tha MUY s sunse-
saand they skow Bitle ovidence that dwey are
acular o dermad votutts The data strongly suggest
s MOT< woukd pose hitie or no sk from tox-
Cie e vomsumistd ws @ supplertiont me g badunced
dat o fneds ap 1o 1% of thy diviany adones o

vl a0 the dhetarmy L
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